Neuromyelitis optica spectrum disorder (NMOSD) is an inflammatory disorder of the central nervous system (CNS) mostly manifesting as optic neuritis and/or myelitis, which are frequently recurrent/bilateral or longitudinally extensive, respectively. As the autoantibody to aquaporin-4 (AQP4-Ab) can mediate the pathogenesis of NMOSD, testing for the AQP4-Ab in serum of patients can play a crucial role in diagnosing NMOSD. Nevertheless, the differential diagnosis of NMOSD in clinical practice is often challenging despite the phenotypical and serological characteristics of the disease because: (1) diverse diseases with autoimmune, vascular, infectious, or neoplastic etiologies can mimic these phenotypes of NMOSD; (2) patients with NMOSD may only have limited clinical manifestations, especially in their early disease stages; (3) test results for AQP4-Ab can be affected by several factors such as assay methods, serologic status, disease stages, or types of treatment; (4) some patients with NMOSD do not have AQP4-Ab; and (5) test results for the AQP4-Ab may not be readily available for the acute management of patients. Despite some similarity in their phenotypes, these NMOSD and NMOSD-mimics are distinct from each other in their pathogenesis, prognosis, and most importantly treatment. Understanding the detailed clinical, serological, radiological, and prognostic differences of these diseases will improve the proper management as well as diagnosis of patients.
Introduction
Neuromyelitis optica spectrum disorder (NMOSD) is an inflammatory disease of the central nervous system (CNS), mostly involving the optic nerve and the spinal cord. 1 Though it is a rare disease, a recent epidemiologic study estimated its prevalence to be as high as 10 per 100,000 in an Afro-Caribbean population. 2 NMOSD characteristically shows a high female predominance from 3:1 to 9:1, 3-5 is accompanied by severe disruption of the blood-brain barrier during attacks, 6 mostly has a disease-specific autoantibody to aquaporin-4 (AQP4-Ab), 7 and frequently manifests as severe bilateral/recurrent optic neuritis or severe longitudinally extensive transverse myelitis (LETM). 8 However, diverse diseases such as multiple sclerosis (MS), other inflammatory diseases, 9 malignancy, infection, or vascular disease can mimic NMOSD by either involving optic nerves and/or spinal cords, manifesting bilateral optic neuritis or LETM, 10 showing brain lesions resembling those of NMOSD, or even having false-positive AQP4-Ab assay results. [11] [12] [13] Moreover, some of the NMOSD can manifest as atypical or milder forms 14 or test negative in the AQP4-Ab assay, 1, 15 thereby complicating the diagnosis. In this review we will cover the history of the diagnostic criteria of NMOSD, the advantage and pitfalls of the AQP4-Ab assays, and diverse diseases that can mimic NMOSD, including the key features that can distinguish them from NMOSD.
Diagnosis of NMOSD
Neuromyelitis optica (NMO) was first reported by Dr. Eugène Devic in the late 19th century as a monophasic disease characterized by both severe bilateral optic neuritis and transverse myelitis (TM). 16 In addition to the classic concept of the 19th century, recent studies have revealed that NMO is often relapsing rather than monophasic, 17 frequently associated with a disease-specific autoantibody against AQP4-Ab, 18 and can also involve the brain as well as the optic nerve and spinal cord. 19 With deeper understanding of NMO, the diagnostic criteria of NMO also evolved from the version in 1999, 17 through the revised one in 2006, 20 and finally to the first international consensus criteria in 2015. 1 The new criteria have adopted the broader term of NMOSD 8 to include patients with limited manifestations. Moreover, they have stratified NMOSD into two types: NMOSD with AQP4-IgG (NMOSD-AQP4); and NMOSD without AQP4-IgG or with unknown AQP4-IgG status. According to the new diagnostic criteria, NMOSD-AQP4 refers to patients (1) who have at least one core clinical characteristics of NMOSD in either optic nerve, spinal cord, dorsal medullar, brainstem, diencephalon, or cerebrum;
(2) who were tested positive for AQP4-IgG; and (3) in whom alternative diagnoses are excluded. 1 The AQP4-Ab assay: implications and caveats The AQP4-Ab is a disease-specific autoantibody to NMOSD. If tested by proper assay methods this autoantibody is rarely found in patients having other neurological diseases nor in healthy subjects. 21 Therefore, the presence of serum AQP4-Ab is a highly specific diagnostic test of NMOSD as set out in the recent international consensus criteria. 1 Moreover, the presence of AQP4-Ab in patients with NMOSD can predict their long-term prognosis as well as therapeutic response. 14 Currently, diverse methods such as indirect immunofluorescence (IIF), enzyme-linked immunosorbent assay (ELISA), cell-based assay (CBA), and flow cytometry assay (FACS-assay) are available for detecting AQP4-Ab. Among these, the CBAs are strongly recommended according to the 2015 international consensus diagnostic criteria. 1 CBA can be performed using either live cells expressing human M23-AQP4 (live-CBA) or a commercial kit coated with pre-fixed cells expressing human M1-AQP4 (fixed-CBA). The fixed-CBA is currently widely used as it is ready-to-use and has relatively good accuracy. The live-CBA seems to have higher accuracy than the fixed-CBA, but demands a high level of technical expertise and is time-consuming, which limits its use to some specialized centers. 12, 22 Therefore, if AQP4-Ab assay results, performed with the fixed-CBA results, were distinct from the clinical and/or radiological manifestations of patients, it would be reasonable to re-test their samples with the live-CBA. Some studies reported that the FACSassay, using free-floating live cells expressing human AQP4, yielded a higher sensitivity than the fixed-CBA 23 or even the live-CBA. 22, 24 The FACS-assay could also be advantageous in that it can yield quantitative results and a cut-off discriminator. Nevertheless, as the accuracy of the FACS-assay varied greatly according to the methodological details and experience of the examiners, 12 further studies for the optimal protocol of FACS-assay are needed. The IIF was the first assay to identify NMO-IgG, 7 and can be useful as a screening tool for diverse antibodies against the CNS antigens, including AQP4-Ab, at a relatively low cost. 25 The ELISA may easily quantify the titer of AQP4-Ab 26 but has a relatively low accuracy. 12, 22, 24 Other than the assay methods, various clinical and serological situations can lower the accuracy of AQP4-Ab assay ( Table 1) .
Differential diagnosis of NMOSD
According to the 2015 international panel criteria, the presence of AQP4-Ab in the sera of patients is central in diagnosing NMOSD-AQP4. Nevertheless, clinical and radiological differential diagnoses of NMOSD-AQP4 remains important for the following reasons: (1) in clinical practice, the AQP4-Ab assay may not be performed for all the patients with inflammatory disease of the CNS, or not be readily available everywhere. Rather, clinicians need to identify patients with probable NMOSD-AQP4, in whom the AQP4-Ab assay needs to be performed; (2) the test result for AQP4-Ab could be affected by such factors as types of assay and clinical and serological situations; (3) many diseases, including inflammatory, infectious, or neoplastic conditions, can involve the CNS and mimic the clinical and radiological phenotypes of NMOSD-AQP4; and lastly (4) some patients with NMOSD do not have AQP4-Ab. 1 
Multiple sclerosis
Both MS and NMO are inflammatory diseases of the CNS with relapsing courses, especially in their early disease stages. 31, 32 As these two diseases share some phenotypic features, there have been long debates on whether these two diseases are fundamentally different. However, since the discovery of the disease-specific autoantibody to NMO (AQP4-Ab), subsequent studies have confirmed that these two diseases have distinct features in their epidemiology, serology, pathology, response to treatment, and prognosis. These characteristics provide important clues in differentiating the two diseases, as summarized in Table 2 . Differential diagnosis of MS from NMOSD is critically important because diseasemodifying treatment for MS, such as interferon-β, 33, 34 fingolimod, 35 natalizumab, 36, 37 and alemtuzumab, 38 are inefficacious in or may aggravate NMOSD. 39 Acute disseminated encephalomyelitis Acute disseminated encephalomyelitis (ADEM) is a rare inflammatory demyelinating disorder of the CNS. It typically causes multiple simultaneous or consecutive lesions in the CNS, thereby manifesting as polyfocal neurologic symptoms including encephalopathy, motor and sensory symptoms originating from the brain, optic neuritis, and/or TM ( Figure 1 ). 82, 83 Though ADEM is often monophasic, recent studies reported that relapses can occur in 10-18% of cases. 44, 84, 85 ADEM can manifest as LETM, bilateral multiple cerebral lesions of the white matter, 86 bilateral optic neuritis, 87 or deep gray matter lesions, 88 all of which can be seen in NMOSD. 1 Moreover, a considerable number of patients diagnosed with ADEM in clinical practice did not meet the current diagnostic criteria for ADEM, 84 highlighting the difficulties in defining ADEM.
ADEM differs from NMOSD in that it has no AQP4-Ab, less or no female predominance, more polyfocal neurologic symptoms at onset, typically a monophasic disease course, and is relatively more common among pediatric patients than the latter. 83, 84 Moreover, the major symptom of ADEM is encephalopathy that can manifest as either alteration in consciousness or behavioral change; 83 by contrast, the major symptom of NMOSD is either optic neuritis or myelitis, and only a minor proportion (about 8%) of patients with NMOSD have symptomatic cerebral syndrome at disease onset. 89 Another characteristic feature of ADEM distinguishing it from NMOSD is that most patients with ADEM experience preceding infection (up to 61%) or vaccination (up to 4%) within 4 weeks before the onset of neurologic deterioration. 84 A recent study on the brain lesion distribution in ADEM and NMOSD reported that brain lesions in the putamen favor the diagnosis of ADEM, whereas lesions in the hypothalamus favor the diagnosis of NMOSD. 88 Though patients with ADEM have initial severe neurologic impairment and show polyfocal/diffuse MRI lesions, most of Table 1 . Conditions that may affect the diagnostic accuracy of the AQP4-Ab assay.
• Sera sampled immediately after or during plasmapheresis/high-dose corticosteroid often lowers the titers of AQP4-Ab. 27 • Sera sampled during B-cell-depleting treatment (e.g. rituximab) or during remission stage may have lower titers of AQP4-Ab and be tested false-negative. 22 • Sera with polyclonal B-cell activation can cause non-specific binding to cells and may give falsepositive results. 21 • Pre-fixation of the AQP4-expressing cells and/or using an M1-AQP4 isoform can interfere with the formation of the orthogonal array of particles of AQP4, and might give false-negative results. 28, 29 • Sera with lower titers of AQP4-Ab may be tested negative in a fixed-CBA. 23 • Sera with highly active AQP4-Ab can destroy AQP4-expressing cells, and thereby may mask the binding of the AQP4-Ab in assays using live cells (either live-CBA or FACS-assay). 13 • Recently a case report showed that natalizumab can directly interact with the AQP4-expressing cells, and thereby might cause false-positive AQP4-Ab assay results in patients being treated with natalizumab. 30 Storoni et al., 66 Lim et al., 67 Khanna et al. 68
Pattern of CNS atrophy
More severe atrophy of the brain 74 Misu et al., 75 Roemer et al., 76 Misu et al. 77 
GFAP immunoreactivity
Relatively preserved Kim et al., 47 Confavreux et al., 78 Cree et al. 79, 80 Mortality Low (life expectancy is reduced by 7-14 years compared with the general, healthy population)
Can be high (the five-year survival can be as low as 68%, as identified in an earlier study)
Wingerchuk et al., 17 Scalfari et al. 81 AQP4, aquaporin-4; AQP4-Ab, autoantibody to aquaporin-4; EDSS, expanded disability status scale; GFAP, glial fibrillary acidic protein; MS, multiple sclerosis; NMOSD, neuromyelitis optica spectrum disorder; PRES, posterior reversible encephalopathy syndrome. Table 2 .
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their symptoms and MRI lesions recover over the long term ( Figure 1 ). 85 Classically, uniform enhancement of all MRI lesions has been considered to be a feature that favors diagnosis of ADEM, since all lesions in ADEM can be theoretically in their same disease stage. 90 Nevertheless, care should be taken in applying this features to the diagnosis of ADEM in clinical practice because enhancing MRI lesions can be found in a limited number of patients with ADEM (30-66%); 82,85 moreover, some patients with ADEM may experience multiphasic disease courses 83 with lesions having diverse disease stages.
Interestingly, the original concept of NMO, proposed by Dr. Eugine Devic in 1894, more closely resembled the current concept of ADEM 82, 83 than that of NMOSD, 1 because the original concept of NMO suggested a monophasic disease course and polyfocal manifestation of optic neuritis and TM occurring at the same time or in quick succession. 16 Even now, it seems that the current concept of ADEM still contains some overlaps with those of MS and NMOSD. According to the recent criteria and expert opinion for pediatric ADEM, patients with ADEM can be re-diagnosed as having either MS or NMOSD according to the number/types of relapses or test result for AQP4-Ab, respectively. 83, 91 These overlaps in phenotypes should be considered especially in diagnosing pediatric ADEM patients, since a relatively higher portion (up to 9%) of pediatric NMOSD-AQP4 cases can manifest as symptoms of encephalopathy mimicking ADEM. 92 Although the presence of LETM is an important feature in differentiating NMOSD from MS, 20 LETM can be a feature of other diseases and, conversely, short TM can occur in NMOSD-AQP4 patients. 94, 95 Studies in Asians and individuals of European ancestry showed that positivity of AQP4-Ab among inflammatory disease patients with LETM was as low as 18% and 53%, respectively, 14, 96 implying that diverse diseases, including iATM, can manifest as LETM.
Idiopathic acute transverse myelitis
A study in Europe showed that about 80% of patients with a first episode of ATM converted to MS after a mean follow-up period of 6.2 years. 97 Meanwhile, the majority of ATM in the Asian cohort did not convert to MS after a mean follow-up period of 5.3 years. 98 Therefore it seems that the prognosis and clinical significance of isolated ATM may depend on the ethnic background and the prevalence of MS among the population.
Notably, contrary to the definition of iATM by TMCWG, which suggested a time to nadir in 4 hours to ~21 days in iATM, myelopathy with a progressive course over months has also been reported in NMOSD, 99, 100 which could be attributable to successive or clustering of individual relapses of myelitis in NMOSD. 17 Among patients with ATM, painful tonic spasms, defined as a paroxysmal episode of intense pain that accompanies tonic posturing of the limbs, have been reported to be more common in NMOSD than in iATM groups (25% versus 2%, respectively). 53 Female gender, recurrent disease course, higher expanded disability status scale (EDSS) at the nadir of acute attack, and poor response to acute steroid treatment were also associated with the presence of AQP4-Ab among patients with isolated LETM, implying these factors can be an important clue in differentiating LETM of NMOSD from idiopathic LETM. 14 
Idiopathic optic neuritis
Optic neuritis is probably the most common cause of unilateral visual loss among young adults.
The general features of optic neuritis includes reduction in visual acuity, field defects relative to afferent pupillary defect combined with ocular pain (92%), impaired color vision (94%), and female predominance (77%). 101 Most patients begin to recover within 3 weeks from the onset of optic neuritis 102 and >90% of patients have a good recovery in visual acuity of 20/40 or better in 1 year. 103 As isolated optic neuritis can be idiopathic as well as a manifestation of NMOSD with distinct therapeutic responses and prognoses, differentiation of idiopathic optic neuritis from optic neuritis of NMOSD is important. Relapsing disease course, bilateral simultaneous optic nerve involvements, 1 and poor visual outcome 104 are often the features of NMOSD that may indicate testing for AQP4-Ab.
In patients who are suspected of having an idiopathic optic neuritis, MRI can also yield useful clues in their differential diagnoses and prognoses. As the asymptomatic lesions on brain MRI raise the risk of developing MS (78% in 15 years), 105 lesions on spinal MRI might suggest underlying pathophysiology of NMOSD, 1 and peri-neural enhancement patterns on orbit MRI might imply the presence of antibody against myelin oligodendrocyte glycoprogein (MOG-Ab). 106, 107 Interestingly, even within idiopathic optic neuritis, there is a diverse range of prognoses, ranging from isolated optic neuritis, relapsing isolated optic neuritis, or chronic relapsing inflammatory optic neuropathy, 108 thus suggesting a heterogeneous pathogenesis of idiopathic optic neuritis.
Inflammatory diseases associated with antibody to myelin oligodendrocyte glycoprotein
The myelin oligodendrocyte glycoprotein (MOG) is a member of the immunoglobulin superfamily, and is expressed on the surface of oligodendrocytes and myelin. 109 Although the presence of MOG-Ab in a subgroup of patients with inflammatory demyelinating disease of the CNS has been an important issue, clinical implications of this antibody in earlier studies were highly controversial. 110, 111 Most of these controversies seem to stem from the methodological issues in the antibody assays, such as the selection of (1) linearized or denatured MOG proteins, 112 (2) shortlength or full-length MOG, or (3) secondary antibody against human IgG (H + L). 113 At this time, the cell-based assay with the full length of human MOG-transfectant and secondary antibody against human IgG1 seem to be most useful in detecting conformation-sensitive MOG-Ab with clinical implications. 113, 114 The inflammatory diseases associated with MOG-Ab can manifest as a phenotype of NMOSD because they frequently have recurrent or bilateral optic neuritis 106, 115 and/or LETM. 115, 116 Nevertheless, in an adult cohort of inflammatory disease, MOG-Ab-positive patients differed from the NMOSD-AQP4 group in that the former more frequently manifested as isolated optic neuritis (83% versus 8%, respectively), had more optic nerve involvements at onset (82% versus 37%), fewer spinal cord relapses (0% versus 84%), and fewer relapsing disease courses (29% versus 90%). Interestingly, the MOG-Ab-positive patients showed a characteristic MRI feature of peri-neural enhancement on orbital MRI, which was observed in neither MS nor NMOSD with AQP4-Ab (Figure 2 ). 106 In pediatric cohorts, MOG-Ab was frequently found in patients with ADEM (up to 43%), most of whom had two or more episode of attacks (up to 100%). 117 As inflammatory disease with MOG-Ab had distinctive radiological, clinical, and prognostic features from both MS and NMOSD-AQP4, 106 and also as the MOG-Ab were rarely found among patients with AQP4-Ab, 106, 115, 116 this MOG-Ab may be a specific biomarker for a disease that has a distinct pathogenic mechanism. Nevertheless, further studies, especially on the optimal assay method for detecting MOG-Ab, are needed for the exact clinical utility of this autoantibody.
Interestingly, a recent multicenter study on a cohort in Europe reported that one-third of patients with MOG-Ab can also have brainstem involvements ranging across diverse symptoms from asymptomatic cases to fatal rhombencephalitis, 118 some of which might mimic brainstem involvements of NMOSD-AQP4.
Sarcoidosis
Sarcoidosis is a systemic granulomatous disease that commonly involves the lymph node, skin, lung, eye, and nervous system. The incidence of sarcoidosis is estimated to be 10.9-35.5 cases per 100,000, which was higher among female African Americans. 119 Though a limited number (5-15%) of patients with sarcoidosis experience clinical involvement in the nervous system (neurosarcoidosis), both the optic nerve and the spinal cord seem to be relatively frequently involved. 120 Moreover, the optic nerve ( Figure  3 ) and spinal cord ( Figure 4 ) involvement in neurosarcoidosis can be bilateral and longitudinally extensive, respectively, 121, 122 which resembles the phenotypes of NMOSD. 1 As most patients with neurosarcoidosis can have systemic involvements of sarcoidosis, searching for the systemic manifestations of sarcoidosis, such as bilateral hilar adenopathy on chest radiography (Figure 3 ), erythema nodosum, uveitis, or macular/papular skin lesions, may be first diagnostic clues. 123, 124 Nevertheless, in neurosarcoidosis cases without systemic involvements, histopathologic evaluation of the CNS tissue may be needed to confirm the diagnosis. 121, 125 In addition, fluorodeoxyglucose positron emission tomography (FDG-PET) can be useful in both identifying the systemic involvement of sarcoidosis and deciding on the biopsy site. 121, 126 Currently, two sets of diagnostic criteria for neurosarcoidosis are available. 125, 127 Among those, the most recent criteria of the World Association of Sarcoidosis and Other Granulomatous Diseases (WASOG) suggested a category of highly probable neurosarcoidosis in the presence of a clinical picture consistent with granulomatous inflammation of the nervous system plus MRI findings of neurosarcoidosis or CSF examination suggestive of inflammation. 127 LETM in sarcoidosis can be differentiated from LETM in NMOSD in that the former has a greater prevalence of elevated angiotensin converting enzyme, dorsal cord subpial gadolinium enhancement extending over two or more vertebral segments, and persistent contrast-enhancement (>2 months), 121 but these features may not always be present.
CNS involvement in patients with systemic autoimmune disease
Sjogren's syndrome. Most myelitis cases associated with Sjogren's syndrome (SS) have longitudinally extensive spinal cord involvement, meet the diagnostic criteria for definite NMO, or are tested positive for AQP4-Ab ( Figure 5 ). Moreover, their clinical, radiological, and prognostic spectrum do not differ from NMO patients without SS. 128 Given the fact that the AQP4-Ab is not found in SS patients without CNS involvement 129 and the finding that brain involvement in SS is similar to that in NMOSD, 130 most of the CNS involvement in SS seem to be the manifestations of coexisting NMOSD rather than the result of the direct CNS involvement in SS. 128 Systemic lupus erythematous. Unlike SS, systemic lupus erythematous (SLE) can involve the CNS (CNS lupus) in a diverse way. Most patients Figure 2 . Peri-neural enhancement pattern in orbit MRI of MOG-Ab-associated optic neuritis. A 22-year-old woman presented with recurrent bilateral optic neuritis. Her orbital MRI showed extensive enhancement patterns that were not confined to the left optic nerve, but extended to the soft tissues around the optic nerve (peri-neural enhancement, A and B). She tested negative for AQP4-Ab, but positive for MOG-Ab. After treatment with intravenous methylprednisolone followed by oral corticosteroids, her visual acuity recovered. This peri-neural enhancement pattern can be frequently found in optic neuritis associated with MOG-Ab.
All MRI images are T1-weighted with gadolinium enhancement; dotted lines in (A) highlight the level of the transverse images in (B). AQP4-Ab, autoantibody against aquaporin-4; MOG-Ab, myelin oligodendrocyte glycoprotein antibody.
Figure 3. Right optic neuropathy and thoracic lymphadenopathies in patients with sarcoidosis.
A 55-year-old year woman presented with right optic neuropathy. Her ophthalmologic examination revealed a relative afferent pupillary defect and disc swelling in her right eye (A). Her routine chest X-ray showed hilar enlargement (arrowhead, B), and FDG-PET showed multiple lymphadenopathies in the both mediastinal, perihilar, and subclavian areas (C). Together with bronchoscopic biopsy that revealed non-caseating granuloma and the increased level of serum angiotensin converting enzyme, she was diagnosed with neurosarcoidosis. After treatment with intravenous methylprednisolone followed by high-dose oral steroid (1 g/kg), her visual acuity improved from 0.5 to 0.8 and her lymphadenopathies were also improved (D). Interestingly, her follow-up fundus exam showed disc hemorrhage, which is uncommon in optic neuritis (E).
Figure 4. Neurosarcoidosis manifesting LETM.
A 66-year-old woman with a history of ocular sarcoidosis (granulomatous uveitis) developed weakness of the right upper arm and leg, numbness and pain in her bilateral upper arm, and dysuria, which progressed for a month. Physical examination revealed no abnormalities nor lymphadenopathy. Neurological examination revealed a right hemiparesis, hyperreflexia with extensor plantar reflexes, sensory disturbance in the right C5-6 dermatome. Blood tests showed normal white blood cell count, and normal CRP and serum angiotensin converting enzyme levels. Both serum AQP4-Ab and MOG-Ab were negative. Cerebrospinal fluid examination showed a mildly elevated protein level. Chest CT revealed mediastinal lymphadenopathy. Spinal MRI exhibited a longitudinally extensive intramedullary HSI lesion at C3-6 (A) with partial contrast-enhancement (B). Axial MRI showed transverse HSI (C); and ventral and right-sided circumferential enhancements (D). She was diagnosed with sarcoid myelopathy and treated with intravenous methylprednisolone (1000 mg daily, 3 days) followed by oral prednisolone (0.5 mg/kg daily). Her symptoms began to improve.
A and C = T2-weighted MRI; B and D = T1-weighted MRI with gadolinium enhancement. AQP4-Ab, autoantibody against aquaporin-4; HSI, high signal intensity; MOG-Ab, myelin oligodendrocyte glycoprotein antibody.
with CNS lupus manifest as headache (54%), seizure (42%), hemiparesis (24%), or memory impairment (24%), and only a small number of patients have optic neuritis (7.3%) or myelitis (4.9%). 131 Though most of these symptoms in CNS lupus are distinct from those in NMOSD, 47, 132 some patients with SLE have coexisting NMOSD-AQP4, or vice versa, which could be attributable to a susceptibility to multiple autoimmunity in those patients. 129, 133 
CNS lymphoma
Primary CNS lymphoma can sometimes be misdiagnosed as NMOSD for a number of reasons.
(1) The brain MRI patterns of primary CNS lymphomas are highly variable. 134 Moreover, brain lesions in NMOSD can frequently be large, confluent, or tumefactive. 1 (2) Both the primary CNS lymphoma ( Figure 6 ) and NMOSD can develop longitudinally extensive spinal cord lesions, 135 and about 40% of patients with spinal cord lymphoma have intramedullary spinal MRI lesions without swelling of the spinal cord mimicking non-tumorous etiology. (3) Treatment with corticosteroid can, at least initially, lead to an improvement of both clinical symptoms and MRI findings in primary CNS lymphoma. 136 CSF cytology (sensitivity of 2-32%), 137 immunoglobulin heavy chain (IgH) rearrangement testing (sensitivity of 58% and specificity of 85%), 138 and other molecular diagnostic testing may help with the diagnosis of CNS lymphoma to some extent. In differentiating CNS lymphoma from NMOSD, position emission tomography (PET) can play an important role as a non-invasive diagnostic tool ( Figure 6 ). 136 Nevertheless, histopathological confirmation using stereotactic or navigation-guided needle biopsy are recommended for the diagnostic confirmation of CNS lymphoma. 139 Patients with LETM should be suspected of having primary CNS lymphoma if they continue to worsen, with or without partial initial improvement, despite the combined treatment of methylprednisolone and plasmapheresis, if they show persistent gadolinium enhancement after 3 months of onset, or if they have hypermetabolic lesions on FDG-PET. In patients who are highly suspected to have primary CNS lymphoma, corticosteroid treatment is generally avoided before the biopsy, because it might obscure the histopathological findings. 139 Neuro-Behçet's disease Behçet's disease (BD) is a multi-systemic vasculitis that can present as painful mucocutaneous lesions combined with diverse systemic involvement. Its prevalence is higher in the Middle East and Pacific Rim than in Western countries (420/100,000 in Turkey versus 5/100,000 in the US). 140, 141 Nervous system involvement (neuro-Behçet's disease, NBD) can be found in a pooled average of 9.4% of BD patients, most of which involve the CNS rather than the peripheral nervous system. 142 CNS involvement of NBD is categorized as either parenchymal (multifocal/diffuse, brainstem, spinal cord, cerebral, or optic nerve) or non-parenchymal (cerebral venous thrombosis, intracranial aneurysm, cervical aneurysm/dissection, or acute meningeal syndrome). 143 A recent study showed that most (80%) of the spinal cord involvement of NBD was longitudinally extensive lesions, and thereby could resemble LETM of NMOSD 144 (Figure 7 ). The international study group for BD earlier proposed that the presence of oral ulcers plus two of the following four minor criteria are needed for the diagnosis of BD: genital ulcers, eye lesions, skin lesions, and positive pathergy test. 145 Nevertheless, neurological manifestations in BD can sometimes precede its systemic manifestations, thereby delaying the proper diagnosis of NBD. 146 Recently, two levels of diagnostic criteria for NBD -definite and probable NBD -were proposed in those without systemic manifestations. 143 The distinctive features of NBD, from those of NMOSD, includes the presence of headache with or without meningoencephalitis (about 70%), 142 a progressive course (38%), 147 and severe brainstem/cerebral atrophy and/or leukoencephalopathy in brain MRI. 148, 149 Of note, as spinal cord involvement in NBD is considered a poor prognostic factor (60% of patients became dependent or died after a mean follow-up of 67 months), 150 NBD patients mimicking NMOSD need careful monitoring and intensive treatment.
Spinal dural arteriovenous fistula
Spinal dural arteriovenous fistula (SDAVF) is the most common type of vascular malformation in the spinal cord. It predominantly affects males in Figure 6 . Primary CNS lymphoma manifesting as a longitudinally extensive myelitis. A 70-year-old female presented with subacute paraplegia. Her initial spinal MRI showed T2 HSI lesions that were longitudinally extensive (A) and involved almost the entire width of the spinal cord in the axial plane (B). The gadolinium-enhanced MRI revealed enhancement in the peripheral white matter of the spinal cord (C and D), which is not common in NMOSD. Her brain MRI revealed multiple T2 HSI lesions in the white matter (E), external capsule of the basal ganglia, and splenium of the corpus callosum (F). Repeated assay for AQP4-Ab was negative. As her initial spinal cord biopsy did not reveal any malignant cells, she received an initial treatment of corticosteroid combined with plasmapheresis. She partially improved after the treatment, but nevertheless worsened again to develop quadriparesis. Her follow-up MRI revealed more extensive T2 HSI lesion (G) and gadolinium-enhancing lesions (H). 18F-fludeoxyglucose positron emission tomography revealed a hypermetabolic lesion in the spinal cord (I). A second spinal cord biopsy diagnosed a primary CNS lymphoma. their fifth or sixth decades. 151 The exact pathophysiology of SDAVF is not entirely clear, but a reduced arteriovenous pressure gradient followed by a decreased tissue perfusion of the spinal cord has been proposed to be causative. 152 Patients with SDAVF mostly experience a subacute onset and progressive myelopathy with acute deteriorations of symptoms after exercise or prolonged rest. 153 The spinal cord MRI of SDAVF generally reveals longitudinally extensive T2-hyperintense lesions, thereby mimicking LETM of NMOSD. The key radiological difference between SDAVF and LETM in NMOSD when present are the abnormal dilated intradural veins of the spinal cord on T2-weighted MRI (flow void) and/or serpentine enhancing vascular structures on T1-weighted contrast-enhanced MRI, mostly in the dorsal surface of the spinal cord. However, these findings in conventional MRI may not be observed or easily differentiated from the normal vascular structures of the spinal cord, especially in the early stage of disease 154, 155 (Figure 8 ). Though some advocate the use of spinal MR angiography in the diagnosis of SDAVF, 155 catheter angiography remains a diagnostic procedure of choice ( Figure 8 ). SDAVF can be treated by either endovascular embolization or surgical ligation of the fistula. 156 
Infections
Syphilis. Syphilis is a sexually transmitted infectious disease caused by the spirochete bacterium Treponema pallidum (T. pallidum). If not properly treated, this infectious disease can progress through four stages of primary (penetration of the T. pallidum, 10-90 days), secondary (hematogeneous dissemination of the T. pallidum, 4-10 weeks), latent (asymptomatic, up to decades), and tertiary syphilis (localized granuloma or severe diffuse inflammation involving cardiovascular organs or CNS). [157] [158] [159] Figure 7 . NBD manifesting LETM and progressive brain atrophy. A 25-year-old man who had been experiencing progressive emotional lability for 2 years presented with acute paraparesis. His spinal cord MRI revealed LETM involving the entire cervical and thoracic spine (A) and brain MR showed T2 HSI lesions in the cerebral white matter (B) and mild brainstem atrophy (C). He had recurrent oral ulcers, perianal ulcers, and acineform eruptions, and thereby was diagnosed with NBD. Despite combined treatment of corticosteroid and cyclophosphamide, his neurologic status worsened. In 6 months after the onset of myelitis, he became bed-ridden without any spontaneous speech. After treatment with infliximab he improved to be able to walk without assistance. His follow-up brain MRI in 4 years showed severe atrophy of the brainstem (D) and the cerebrum with moderate T2 HSI changes in the white matter (E). Although optic nerve involvement by syphilis (neurosyphilis-optic neuritis) is relatively uncommon, it causes bilateral severe visual loss and pain that can mimic NMOSD-optic neuritis. It can present in any four stages of syphilis and its mode of onset can be variable, as acute, subacute, or chronic progressive. [160] [161] [162] [163] Some neurosyphilis-optic neuritis cases can manifest as optic perineuritis rather than optic neuritis, especially in the early stages, with constricted visual fields and preserved central vision, an atypical pattern for NMOSD-optic neuritis (Figure 9 ). 162, 163 As this neurosyphilis-optic neuritis requires specific treatment, screening for neurosyphilis is important in bilateral optic neuritis cases with poor response to steroid, positive serum treponemal test, history of untreated syphilis, HIV infection and/or constricted pattern of visual field defect.
Neurosyphilis can also rarely manifest as a form of LETM that should be treated by intravenous penicillin. 164 Miscellaneous infections. Though rare, infections such as herpes virus (Herpes simplex, 165 Epstein-Barr virus, 166 and cytomegalovirus 167 ), human T-lymphotrophic virus 1 (HTLV-1), 168 dengue virus, 169 Borrelia burgdorferi (Lyme), 170 tuberculosis, 171 Mycoplasma pneumoniae, 172 and Streptococcus pneumoniae 15 can manifest as LETM and/or optic neuritis.
The differential diagnosis of infectious LETM from NMOSD-LETM can sometimes be challenging as some NMOSD cases can show high pleocytosis. 17 Nevertheless, infectious myelitis can differ from NMOSD-LETM, in that the former can have either fever with high C-reactive protein/low CSF glucose level (bacterial), history of pulmonary tuberculosis with low CSF adenosine deaminase level (tuberculosis), chronic progressive course (HTLV-1), presence of the skin lesion, or diffuse arthralgia (miscellaneous). Moreover, AQP4-Ab is not detected in the sera of patients with most of the infectious myelitis. If infectious etiology were suspected in patients with LETM, further evaluations including culture of the specific infectious agents, PCR analysis, and serology for the specific infectious agent are needed. If bacterial LETM cannot be ruled out in the initial diagnostic phase (with AQP4-Ab serostatus unavailable), antibiotics and steroid may be administered according to the management of bacterial meningitis, pending the AQP4-Ab serostatus.
Interestingly, though most of the infectious myelitis cases reported absence of AQP4-Ab, 15, [166] [167] [168] [169] [170] [171] [172] [173] several cases have shown that NMOSD with AQP4 can develop several days after zoster infection. [174] [175] [176] These findings might imply at least some pathogenic overlap between these two distinctive diseases of NMOSD and herpes zoster.
Leber hereditary optic neuropathy
Leber hereditary optic neuropathy (LHON) is an inherited optic neuropathy caused by mutations in the mitochondrial DNA (the three most common mitochondrial mutations in LHON are at nucleotide positions 11778, 14484, and 3460). 177 It predominantly affects males (80%) in their second or third decade of life and is probably one of the most common hereditary optic neuropathies, with a prevalence of more than 3.22 per 100,000 in northeast England. 178 Although it is an inherited disease, only about 40% of LHON patients are aware of their family member having symptoms of LHON, which could be attributable to the low penetrance of LHON (only 27% in males and 8% in females). 179 It mostly manifests as bilateral simultaneous or consecutive painless central scotoma that progress to visual loss over weeks or months ( Figure 10 ). Currently, there is no established treatment for LHON and most patients are left with bilateral visual acuities ⩽20/200. 180 The major difference compared to NMOSD-optic neuritis is the male predominance, more progressive course, more bilateral optic nerve involvement from onset, presence of a family history, absence of gadolinium enhancement in the optic nerve on MRI, absence of the response to immune-modulating/suppressing treatment, and mutations in the mitochondrial DNA. Interestingly, some patients with LHON can have systemic involvement beyond the optic nerve (LHON-plus), including the brain and the spinal cord, just like the CNS lesions seen in MS. A recent report suggested that the spinal cord involvement of LHON-plus could be distinctive from that of NMOSD in that the former involved predominantly the posterior column of the spinal cord. 181
Conclusion
Diverse neurological diseases including inflammatory, infectious, malignant, vascular, and hereditary etiologies can resemble the phenotypes of NMOSD. Nevertheless, as these NMOSDmimics are distinct from NMOSD in treatment as well as pathophysiology, early differential diagnosis and appropriate individualized treatment will improve the outcome of such patients. Pharmaceutical, Nihon Pharmaceutical, and Genzyme Japan.
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